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Ob UMb YJIbCH OM b AMAT'b UTYUBAB N1 MOB OKBUCTAJIJIOB BOBATA KEJIE3A

0. C. Kouotos, A.Il. Kpacno:xon, B. A. Iloro:xes

(kaedpa obweti duzuxu)

Buepsble ucciaenyercsl peskuM HMOyJIbLCHOr0 HAMArHMIHBAHUS Oopata kesie3a. [lokasaHo, Yro KpuBas
UMNYJIbCHOr0 HAMArHUYHBAHUS COCTOUT U3 JBYX Y9YACTKOB. M3JI0M KpHBOil BBI3BAH YMEHBIICHHEM HOTEPH
JHEPrud HA BO30Y:KIeHHEe MACHUTOYNPYIHX KoJIeOaHUWil, KOTOpPOe B CBOIO oUepelb 00YCJIOBICHO «3aMopa-
KUBAHHEM» KPUCTAUTMYECKOH pelieTKH, KOrja JUIHTeLHOCTH OCHOBHOH CTAHH NEPeXOIHOro mporecca

Menbmie 13 <+ 17 Hc.

Bompoc 0 B3auMoAeHCTBUM MATHUTHON U yIIpyrou
MOJICHCTEM KpHCTallla 3aHUMAeT BajKHOEC MECTO B (pH-
3UKE MEPEXOAHBIX MPOIECCCOB B MarHetukax. Haubomee
MNPOCTO UCCIACTOBAHUC ITOTO BOIPOCA MOXCET OBITH BEI-
MOJIHEHO B MOHOKpHcTalIax Oopara xeneza (FeBOs).
HeticteurensHo, B cnabeix deppomMarHerukax (K KOTO-
PBEIM OTHOCHTCS OopaT Kele3a) MarHUTOYNPyroe B3au-
MOJCUCTBHE JOCTATOYHO BEIUKO U MPOSIBISCTCS B 1ICIOM
psane addexror [1-4]. He MeHee BaxkHO, UTO TIEPEXOA-
HEIC MPOIIECCHl B MOHOKpHUcTauiax FeBOs; Bo30yKaa10T-
¢S MOA JICHCTBUCM UMITYJIBLCOB MarHUTHOro noisa H He-
Oonpiiod amnutyasl (~ 2 -+ 10 H) 1 conpoBoxkaaroT-
¢S yAapHBIMU MATHUTOYNPYTUMHU Kojebanusamu (YMK),
HaOMIOICHUE W U3YyUCHUEC KOTOPBIX HE IPEACTABISCT
doneiioro tpyaa [5-7]. Hyrem mpocroro comocrabJie-
HUS HHTeHCHBHOCTH ¥ MK 1 iTmHaMu4uecKruX CBOMCTB MO-
HOKPUCTAIIOB MOKHO TOJYIUTh WHTEPECHYIO HH(DOP-
MAIMIO O CTEICHU MArHUTOYNPYLOro B3aUMOJACHCTBUS,
Cro BIMSHUM Ha CKOPOCThH MEPEXOAHBIX IPOIECCOB H
adperTe «3aMOpaKUBAHUST) KPUCTATUTHICCKON pelieTKH
[8-11]. HanmoMHMM, 4TO IO/ «3aMOpPaXUBAHUEM» ITOHH-
Maror [1, 2] BOBHUKHOBEHHE TAKOU CUTyaIllH, KOI/a u3-
MCHCHUSI YNPYIUX HANPSDKCHUNA HE YCOCBAIOT Pearupo-
BaTh HAa HM3MCHCHUSI HAMATHUUYCHHOCTU Kpucramia. o
HeJaBHETO0 BpeMeHH 3TOT 3¢¢eKT HabMomanca TOILKO
rpu peppOMArHUTHOM Pe30HAHCE, M3yUaBINeMCs Ha Jac-
torax 6onee 10° T'm. Mccaenys mepexoaHblie MPOIECCH,
MOHO OIPEJCIUTE XapaKTePHBIC BPEMCHA, MPH KOTO-
pPBIX HAYHHACT TPOSIBIATHCSA 3TOT 3 PeKT.

K HacrosiieMy BpeMeHHM WCCICAOBAHBL JBa IIEpe-
XOIHBIX Iporecca: 180° UMITyIBCHOE NepeMarHUYnBa-
Hue [8-10] m 90° mMmmynbcHoe HamarHuumBanue [11].
OueBuaHO, YTO 75 ODOOIIEHUS MONYUYCHHBIX PE3VIib-
TaTOB U Oosice TIyOOKOro MOHUMAHHS POIU MarHu-
TOYIPYLOTO B3aUMOJCHCTBUS KEIATCALHO PACHIUPUTD
Kpyr M3y4aecMBIX MEPEXOAHBIX OPOIeCCOB. B mpencras-
JICHHOH padoTe 00CY:XIaI0TCS pe3ylbTATHl HCCICIOBA-
HHS UMIYJIBCHOTO HAMATHUYMBAHUS MOHOKPHUCTAJUIOB
FeBO3 W3 pa3sMarHWYeHHOTO COCTOSIHMA. Tako mepe-
XOJIHBIN MPOIECC UCOOIB3YETCS B CKOPOCTHBIX MOAYIS-
TOpax MéccOayIpOBCKOrO y-H3Ty4eHHs, H IO3TOMY €ro
H3y4YeHHe TPEACTaBISIET U NPaKTHIECKUI UHTEpeEC [6].

HccnaenyeMble  MOHOKPHUCTAIAYECKUE — IUIACTUHEL
FeBOs (rommuHoit ot 24 mo 110 MxMm) uMenn dopmy

HEIIPABUIBHBIX MHOTOYI'OJIBHUKOB C IOIEPEUYHBIMUA pa3-
mepamu 3 + 8 mMm. Kak m3BectHO [2, 12], B OTCyTCTBHE
BHEIIHHUX TMoJacH MoHOKpucraibel FeBOjs paszbuparorcs
H2 3HAUUTEIBHOE YUCIO JOMEHOB € Pa3HBIM HaIllpaBJie-
HUEM HAMAarHWYEHHOCTH, TAK YTO MX CyMMapHBIA Mar-
HUTHBI MOMEHT OMHM30K K HyTIO. 17151 TEXHHYECKOTrO Ha-
CBINIIEHNS B TH0OOM HaIpaBIeHUH B IIIOCKOCTH 0Opasia
(MepneHUKYISIPHOR OCH ¢) OCTATOYHO IOCTOSHHOTO
MarsutHoro moiasd Hg,y ~ 1,4+ 2,1 H

HccnemoBanus BEINOTHEHB HA HHAYKIIMOHHOH yCTa-
HOBKE C BpeMeHHBIM paspemieHueM 1 Hc [13]. Yacrora
CICAOBAHUSI HAMATHUYHBAIONINX UMITYIBLCOB (C aMILIH-
tyaod H > Hg,;) BeiOpana paBHoil 500 I'i. HomonaHu-
TEJIbHBIE HCCIIETOBAHUS, IPOBEAEHHBIE C IOMOIIBIO CTPO-
OOCKOMUYECKON MAarHUTOONTUYESCKON ycTaHOBKH [14],
MOKA3JIM, YTO HCXOJHOE pa3MarHHYE€HHOE COCTOSIHUE
obpasiia ycraHaBIuBacTcs yxe depe3 20 +— 30 MKc, 4To
3HAYHTEIIFHO MEHBIIE TIEPUO/IA CIEN0BAHNSI HAMAarHUIn-
BAaKOIMX HMIYJI6COB. MI3MeHeHHe HAMAarHHYEHHOCTH pe-
TUCTPHPOBAIIOCH ¢ MOMOIIBID IPOJOIBHOIO CHEMHOIO
BUTKa. Kak U mpu HccaeTOBaHHBIX paHee MEePEXO/THBIX
nporeccax [8—11], cHrHan IpH WMITyJIbCHOM HaMarHU-
YUBAHUU COCTOUT U3 OBICTpOH HAYaIbLHOW 4YacTH (J/Iu-
TEABLHOCTEIO OT 25 10 2 U MeHee HAaHOCCKYH/), KoTopast
OTpaXkaeT OCHOBHOE U3MEHEHNE HAMATHUIEHHOCTH, U 3a-
TyXaIoux Kolcbanuii ¢ nepuoaomM 12 - 60 He, onperne-
JISIEMBIM TOJIIIHHONA MOHOKPHCTAJIIa U CKOPOCTBIO pac-
MPOCTPaHEHHs 3BYyKa BJIOJb OCH ¢, KOTOpas ISl UCCIle-
JlyeMOro 3/lcCk MHTepBajia noici H Onuska K 4 KM/c
[5-11]. Hru konebGaHus HAPSDKCHUS B CUTHAJIC OTpaXka-
ot YMK. Cnenys paboram [8-11], 3a Mepy UHTCHCHUB-
Hoctu YMK npunsita ammnryaa A; KoneOaHHi Hanps-
JKEHHS B CUTHAJIE.

BpeMst HaMarHUIMBAHUS T MOJArajoch PaBHBIM HH-
TepBay MEKAY MOMEHTAMH, JUISI KOTOPBIX HANPSDKEHUS
curtania pasuo 0,1A4,,, rac A,, — ero ammuryaa. Jus
WCCTIS/TOBAHHOTO 37IeCh MHTEpBaia mojaed A; < 0,1A4,,,
U TIO3TOMY HCIOIB3yeMOE OMpeieicHHe BpPEMEHU Ha-
MarHUIMBaHUS TPAKTUICCKA XapaKTepU3yeT JUTHTETh-
HOCTH HAYANBHOH (OCHOBHOM) cTaAUH HAMATHUIHBAHHUSI.
HonydeHHBIE pe3ylbraThl WLTIOCTPUPYIOTCS HA MPUME-
pe obpasna co CICAYIONUMU MapaMeTpaMu: TOJIIHUHA
110 MKM; TTOJIE TEXHUYECKOTO HACHIeHHS Hy,p = 2,1 H,
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cpe/THEee 3HAUCHUC NIEPUOIa MATHATOYIPYTUX KOJIcOaHUA
56 HC.

OcHoBHBIE pe3yJIbTATBI. Y CTAaHOBJICHO, UTO, KAK U IS
paHee M3YUYCHHBIX MEPEXOHBIX MPOIECCOB, HA KPUBOH
MMITy/IbCHOTO HaMarHuuuBanus 71 (H) 4eTko BBLICS-
FOTCS JIBAa y4YacTKa, pas3/ieicHHBlE TOYKOH H3JIoMa MHpH
HamnpsbkeHHoctd noinst H = H* =~ 3,54 H (B 3aBu-
CUMOCTH OT 00pasnia); BpeMs HaMArHUYUBAHUSA T = T,
COOTBCTCTBYIOIIEE 3TOH TOUKe, ¢1abo 3aBUCHT OT MEPH-
ona YMK (u, cieqoBarebHO, OT TOMIMUAHEL 0Opasiia) U
6amsko Kk 13-17 He. Hpumep kpusoii 7~ (H) mokasau
Ha puc. 1. U3 puc. 1 MOXKHO NONyIUTB, 4TO TSI TAHHOTO
obpasna 7 = 14 Hc, a H® = 3,8 H. 3xaech xe npuse-
JleHa 3aBUCHUMOCTh Mepbl MHTeHCHBHOCTH YMK A; ot
AMIUTATYAB H HAMarHUYHBAIOIICIO UMIyabca. Tak xKe,
KaK U /TSI UCCIIEIOBAaHHBIX PaHee POIECCOB, 3Ta 3aBUCH-
MOCTb UMECT MAKCUMYM, JOCTHTA¢MBIN MPH HAMPSIKCH-
HOCTH Noas H, 6nuzkoil k momo uznomMa H™* KpuUBOH
HaMarHuuuBaHus. TakuMm oOpa3om, U3IOM BBI3BAH PE3-
KAM yMEHbIlleHHeM MHTeHCUBHOCTH Y MK H CcBSI3aHHBIX
C HUMU TOTEPb IHCPIUH.
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Puc. 2. 3aBUCHMOCTh aMIUINTYIBI KojdeOanuit A; oT IIH-
TEIBHOCTH 7 OCHOBHOI CTaauM HMITYJIBCHOIO HaMar-
HUYIHBAHUSI

Jns BRISICHEHHS TIPUYHUH YMEHBITIEHUS ek THBHOC-
T MArHUTOYNPYTOro B3aUMOJACHCTBHS MBI, CJAEAysl pa-

6ote [10] (B KoTOpOH M3yuanock 180° mepeMarHUIUBa-
HHC), UCCIACTOBAIH 3aBUCUMOCTE Y MK oT anurenbHOC-
TH OCHOBHOH cTaauu HamarauuuBanus. Kak u B pabo-
te [10], AIUTETBEHOCTE OCHOBHOM CTAINU BapbAPOBATIACH
MyTeM W3MEHEHUS JUATenbHOCTH ¢ponTa 7, (0T 1 A0
40 HC) HAMATCHUYMBAIOMICTO UMIYIbCA, aMIUTATYAA KO-
TOPOTO OCTABAIACH HEU3MEHHOM.

Ha puc. 2 npusesieHa 3aBUCUMOCTB A4 (7), MOTy4eH-
Haga npu H = 10 Il IHepBag Touka Ha 3aBHCHMOCTH
(A; = 1,5 MB, 7 &~ 3,4 HC) DolyucHa OpUA 7, &~ 1 HC.
OHa COOTBETCTBYCT MOCJCIHUM TOUYKAM Ha 3aBHUCHUMOC-
ax 7 1(H) u A;(H), nokasanueiM Ha puc. 1. Bua-
HO, YTO YBEMWYCHUE JITMTECIHRHOCTH OCHOBHOW CTa/IMH
COTIPOBOXIACTCS CYIMECTBEHHBIM BO3pacTaHUEM WHTEH-
cuBHocTH YMK: npu uzmenenuu 7 or 3—4 no 12-14 He
aMITIATyAa Koyebanuit A; Bo3pacraer MpUMEpHO B 4 pa-
3a. OTClofia CIENyeT, UTO CHUXKEHUE CKOPOCTU U3MCHC-
HUS HAMarHHYSHHOCTH Ha OCHOBHOH CTaj MM TIEPEXO-
HOTO TIPOIecca MPUBOUT K «Pa3MOPaXUBAHHUIO» KPHUC-
TAJLTHIECKOH pereTku U pocty 3¢eKTHBHOCTH MarHu-
Toympyroro e3auMoeticreusa. Hpdexr oueHr BBIpaxeH
¥ HE MacKUPYyeTCs 3aMeTHBIM 00pa30oM TeM, ITO TIPH yBe-
JuyeHud 7 710 10-12 HC HAMATHUYMBAHUE MPAKTUUCCKHA
MPOUCXOUT Ha (PpoHTE UMITyIbca oMt H u, Takum
00pa3oM, CYIIECTBCHHO CHUXACTCSI YHEPTHUS, MOCTYIAIO-
mast B MAarHATHYIO TTOJICUCTEMY OT BHeEMTHero ot Hpu
JaTBHEUIIIEM YBETHICHUH T (JOCTUTAEMOM COOTBETCTRY-
IONTAM YBETTMUEHUEM T,.) ACUCTBHE 3TOTO (hakTropa IpH-
BOJUT K YMCHBINICHUIO aMIUTHTY/IBI KOJIeOaHUH.

Hrak, wuccnenoBaHHBIM MEPEXOHBIM IIpolleccaM B
MOHOKpHUCTAIax Oopara Kenme3a MNPUCYIUA  CIASAYIO-
IUC OCOOCHHOCTH: HAIWYUE JBYX YYaCTKOB Ha KpH-
BBIX MUMIYJILCHOIO MEPEMAarHUYMUBAHUS (M HaMarHU4u-
BaHUS); HATMIUE CBS3H MeKTy GOpMOH yKa3aHHEIX KPH-
BBIX U MHTCHCUBHOCTBI0 MATHUTOYNPYTHX KOJICOAHHI;
yMeHbIIeHre PPEKTUBHOCTH MarHATOYIIPYroro B3au-
MOACUCTBUS U HHTcHCHUBHOCTH YMK, Korma aauteib-
HOCTh OCHOBHOM CTaIMU NIEPEXOTHOTO MPOIIECCA MEHBIIIE
13-17 HC, UTO ODYCIOBJCHO «3aMOPAXKHUBAHUCMY» KPUC-
TAJUVIAYECKON PelleTKU (W, APYTHMU CIIOBAMH, OTCTa-
BaHUEM YIPYrol MOJICUCTEMBl KPUCTAJLIA OT MArHHWT-
Hoi). Xapaktep OposIBIICHUS] 3THX OCOOEHHOCTEH Ipak-
TUYCCKH HE 3aBUCUT OT THUIIA MEPEXOAHOro mpoiiecca. OH
cnabo 3aBUCUT U OT MCXaHU3MOB IEPEMArHUYUBAHUS H
HaMarHUIUBaHUs. JIeHCTBUTENBHO, WU3BECTHO, 4TO 90°
MepeMarHiIMBaHHE OCYITECTBIISIETCS MYyTeM KBAa3UOHO-
poaHoro BpameHus [11], a 180° mepemarHnunBanue —
IyTeM Pa3HOCTOPOHHEr0 HEOAHOPOAHOIO BpAITICHUS Ha-
MarsuueHHocTH [9]. HpH MMOyJIbCHOM K& HaMarHW4Hu-
BAHUU XapaKTep MOBEACHUS HAMATHUUCHHOCTH (B 3aBU-
CAMOCTH OT HA4aJbHOI'O HAPAaBJICHUS B KAXK/IOM W3 HC-
XOJTHBIX JOMCHOR) MOXKET U3MEHSTLCS OT OJHOTO palioHa
MOHOKpHCTaIa K JPyrOMy — B OPHUHIMIE, OT Pa3HO-
CTOPOHHETO HEOAHOPOJAHOI'O BpPAIEHHS 0 KBA3UOHO-
POZTHOrO BpallleHUsI HaMarHudeHHocTH. B 1o e Bpems
oueBUAHO [15], UTO BO30YX/AeHHE MarHUTOYIPYIHUX KO-
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nebanmii BO3MOXKHO, €CJIM U3MCHCHHUC HAMAIrHUICHHOCTH
CBsI3aHO C €€ BpalllCHUCM.
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MECCBAYBBOBCKHUE UCCIEJTOBAB I MAKKHUB ABUTA U TOYUJIUE UTA

B. C.Tlycakos, I1. K. Yncrakosa, C. B. Kozepenko*), B. B. ®aseen™)

(kaedpa obweti duzuxu)

IlpoBenensl MéccOaypoBCcKHe HCCIEA0BAHUS MAKKMHABMTOB H TOYHJIMHHUTOB, CHHTE3HPOBAHHBIX B Ja-
0OpaTOpPHBIX YCJOBHAIX. YCTAHOBJIEHB U OOBSICHEHbI Pa3/M4YMs B 3HAYEHHSIX C/IBUrAa M KBAJIPyNnoJbHOro
CMellleHUs] KOMIIOHEHT CHEeKTpa sijep 57Fe B MaKkKuHABHTEe M CYJIb(HIHOM cJl0e TouWIMHMTA. IToKkasaHo,
9TO B CTPYKTYpPe TOUMJIMHHTA quCI0 conmpsiraeMbIx c1oes FeS u (Fe,Mg)(OH)2> o1MHAKOBO U HOHBI Mg2+
HAXOJATCH B TOYMJIHHUTE TOJIbKO B OPYCHTOBOM CJI0€, MpUYeM B OCHOBHOM B O/IHOM U3 JIBYX 00HAPY:KEHHBIX

HEeIKBUBAJICHTHBIX MO3HIIHIA.

HuTepec uccaeaopareicii K MAKKUHABUTY U TOUMIIU-
HHUTY CBSI3aH C NIUPOKHM PACIPOCTPAHCHUEM ITUX MHU-
HCPaAJOB KaK Ha 3eMic (MOPCKHE OCAJKU, PYAHBIC MEC-
TOPOXKACHUS), TAK U B KOCMOCE (YIJIMCTHIC XOH/IPUTHI,
KOCMHYCCKaS MBUIE) [1-5]. MaKKUHABUT SBISICTCS TETpa-
TOHAJBHBIM MOHOCYIRGIIOM kene3a FeS [1, 4]. Tounmn-
HUT TPEICTABIAET COOOH THAPOKCHA—CYIb(HIT, B CTPYK-
Type KOTOPOTO CJIOH, COCTOSIIUE U3 TETPAdAPUUCCKUAX
CCTOK MaKKHHABUTOBOrO cocTara FeS, mepecianBarorcs
¢ OpycUTONOAOOHEIMA OKTAAPUUCCKUMU CJIOSIMU COCTA-
Ba (Fe,Mg)(OH), [3, 5, 6].

Metoael MEccOayIPOBCKOU CIIEKTPOCKONUHU UCIOJb-
30BAJUCH JIMIIb B HECKOJBKUX pabdorax [7-9] Ans uzy-
YeHHS CHHTETUICCKOTO MaKKuHapwura. HelirpoHorpadu-
YECKUE U MECCOAYIPOBCKUE UCCIICTIOBAHNUS, TPOBEICHHEIC
B UpoKoi odmactu Temmepatyp (1, 7300 K) [7], moka-
3], YTO MATHUTHOE YOOPSIOUEHUE OTCYTCTBYET. Méce-
0ay?pOBCKUN CHEKTP MAKKUHABUTA MPEJACTABISUT COOOM

CHHTITIET, CABUT & KoToporo™*) mpu KoMHaTHOH TeMIle-
parype Obl1 paBeH 0,44 4+ 0,03 mm/c. B To ke BpeMs
B pabore [8] Obl1a obHApyKECHA MATHUTHAS CBEPXTOH-
Kas CTPyKTypa crekTpa siiep °'Fe B MaKKHHABHTE IIPH
KOMHaTHOU TeMmreparype. HolaydeHHBIH cOEKTp Open-
CTABJISUT OO0 Cynepno3uIUIO TPEX 36EMAHOBCKUX CEKC-
TCTOB W KBaJIpyHOIBLHOro Ay0jeTa, HaJIWIUE KOTOPO-
T'O CBSI3BIBAJIOCH ABTOPAMH ¢ TOSIBJIIEHUEM JIpyTroi a3sl
cyneduma. B pabdbore [9] mpoBeAaeHB MEccOayIpOBCKHES
HCCICIOBAHUSI MaKKUHABUTA BO BHEIIHEM MATHUTHOM
mone ipu T — 4,2 K. ABropamu mokazaHo, 4To 3¢-
(eKTUBHOE MarHUTHOE TOJe Ha SApax °'Fe OTCYTCTBY-
€T, & MOHBI JBYXBAJICHTHOIO JKEJIC3a HAXOMAITCS B HH3-
KOCIIMHOBOM COCTOSIHUM. HodydeHHOE 3HAuUCHUC CBH-
ra § — 0,2 MMm/c, OHAKO, HE COTJIACyercs ¢ pe3ylbra-
TaMu pabotwl [7], B kotopoil mpu T = 4,2 K casur
é ~ 0,6 Mm/c.

*) HHCTUTYT reoXHMHH U aHamHTHYecko xummu uM. B. . Bepanckoro PAP .

*k)

37ech U majiee 3HAUEHHs CABUTOB JAHBI OTHOCHTEIHFHO METAIUTMYECKOTO JKEIe34a.



